

























































ERWK WKH RFWRSDPLQHUJLF DQG GRSDPLQHUJLF PRGXODWRU\ V\VWHPV LQ UHLQIRUFHPHQW
VLJQDOLQJ+HUHZHXVHJHQHWLFVWRDQDO\]HWKHDQDWRP\XSWRWKHVLQJOHFHOOOHYHORI
WKH RFWRSDPLQHUJLFW\UDPLQHUJLF V\VWHP LQ WKH ODUYDO EUDLQ DQG VXERHVRSKDJHDO
JDQJOLRQ*HQHWLFDEODWLRQRIVXEVHWVRI WKHVHQHXURQVDOORZHGXVWRGHWHUPLQHWKHLU
QHFHVVLW\ IRU DSSHWLWLYH ROIDFWRU\ OHDUQLQJ 7KHVH H[SHULPHQWV UHYHDO WKDW D VPDOO
VXEVHW RI DERXW  ODUJHO\ PRUSKRORJLFDOO\ GLVWLQJXLVKDEOH
RFWRSDPLQHUJLFW\UDPLQHUJLF QHXURQV LV LQYROYHG LQ VLJQDOLQJ UHZDUG LQ WKH
'URVRSKLOD ODUYDO EUDLQ ,Q DGGLWLRQ WR SULRUZRUN RQ ODUYDO ORFRPRWLRQ WKHVH GDWD
IXQFWLRQDOO\ VHSDUDWH WKHRFWRSDPLQHUJLFW\UDPLQHUJLF V\VWHP LQWR WZRVHWVRIDERXW














'URVRSKLOD ODUYDH DUH DEOH WR HYDOXDWH VHQVRU\ LQIRUPDWLRQ IURP WKHLU HQYLURQPHQW











E\ SKDUPDFRORJLFDO DQG JHQHWLF LQWHUIHUHQFH LQ 'URVRSKLOD ODUYDH DQG IOLHV
KRQH\EHHVDQGFULFNHWV %XUNHHWDO+DPPHUDQG0HQ]HO.LPHW DO
6FKUROOHWDO6FKZDHU]HOHWDO8QRNLHWDO7KXV
WKH SDUWLFLSDWLRQ RI WKH 2$7$ V\VWHP LQ DSSHWLWLYH UHLQIRUFHPHQW VLJQDOLQJ LQ
LQVHFWVLVZLGHO\DFFHSWHG
,QWHUHVWLQJO\ VHYHUDO JURXSV UHFHQWO\ UHSRUWHG WKDW VXJDU UHLQIRUFHPHQW LQFOXGHV DW
OHDVW WZR GLIIHUHQW FRPSRQHQWVLQ 'URVRSKLOD VZHHW WDVWH DQG QXWULHQW YDOXH ERWK
FRQWULEXWH UHLQIRUFLQJYDOXH %XUNHDQG:DGGHOO)XMLWDDQG7DQLPXUD
0L\DPRWR HW DO  5RKZHGGHU HW DO 0RUHRYHU LQ IOLHV QRQQXWULWLRXV
VXJDUV ± OLNH DUDELQRVH DQG [\ORVH ±IRUP D OHVV UREXVWPHPRU\ UHLQIRUFHG E\2$
%XUNH DQG :DGGHOO  7KXV 2$ VHHPV WR VSHFLILFDOO\ VLJQDO WKH VZHHW












'$QHXURQVZKLFK WDUJHW WKHPXVKURRPERGLHV %XUNH HW DO +RZHYHU WKLV
ZDVUHFHQWO\TXHVWLRQHGDVWKHDOSKDOLNHRFWRSDPLQHUHFHSWRU2$0%ZDVVKRZQWR
EH VXIILFLHQW IRU UHZDUG OHDUQLQJ LQ Įȕ DQG Ȗ PXVKURRP ERG\ QHXURQV LQGLFDWLQJ
GLUHFW2$VLJQDOLQJRQWRWKHPXVKURRPERGLHV.LPHWDO1HYHUWKHOHVVLWLV
FOHDU WKDW GLIIHUHQW IXQFWLRQV RI VXJDU UHLQIRUFHPHQW VLJQDOLQJ LQ DGXOW'URVRSKLOD
GHSHQGRQFRPELQHGSURFHVVLQJRIWKH'$DQG2$7$V\VWHPV
,PPXQRKLVWRFKHPLFDO ZRUN VKRZHG WKDW 2$ LV PDLQO\ V\QWKHVL]HG LQ XQSDLUHG
PHGLDQ80QHXURQVRILQVHFWVZKRVHFHOOERGLHVDUHORFDWHGHLWKHUYHQWUDOO\980





HIIHUHQWV WRPRVW RUJDQV DQGPXVFOHVZKHUHDV WKRVH RI WKH62*EURDGO\ LQQHUYDWH
QHDUO\DOOSDUWVRIWKHEUDLQ%UDXQLJDQG%XUURZV%XVFKHWDO6HOFKRHW
DO  7KH'URVRSKLOD ODUYDO &16 FRQVLVWV RI RQO\ DERXW  2$7$ QHXURQV
0RQDVWLULRWL HW DO  6HOFKR HW DO 7KHUHIRUH LQ WHUPV RI QXPEHUV WKH
RUJDQL]DWLRQ LV VLPSOHU WKDQ WKH DGXOW V\VWHP WKDW FRYHUV PRUH WKDQ  2$7$
SRVLWLYH QHXURQV LQ WKH EUDLQ KHPLVSKHUHV DQG 62* ZKLOH QRW WDNLQJ LQWR DFFRXQW
2$7$ SRVLWLYH QHXURQV RI WKH WKRUDFLF DQG DEGRPLQDO JDQJOLD 6LQDNHYLWFK DQG
6WUDXVIHOG  ,Q D SULRU VWXG\ WKH GHWDLOHG VLQJOH FHOOPRUSKRORJ\ IRU D VHW RI
DERXW  2$7$ QHXURQV KDYLQJ WKHLU FHOO ERGLHV ORFDWHG LQ WKH WKRUDFLF DQG
DEGRPLQDO JDQJOLRQ KDV EHHQ GHPRQVWUDWHG 6HOFKR HW DO  7KHVH 2$7$













VKRZQ WKDW QHXURQDO RXWSXW RI WKHVH2$7$ QHXURQV LV LPSRUWDQW WR WULJJHU SURSHU
ODUYDOORFRPRWLRQ6HOFKRHWDO
8VLQJ D VLPLODU DQDWRPLFDO DQG IXQFWLRQDO DSSURDFK ZH DQDO\]HG WKH UROH RI WKH
UHPDLQLQJVHWRIDERXW2$7$QHXURQVLQWKHEUDLQKHPLVSKHUHVDQG62*LQPRUH
GHWDLO )LUVW ZH SURYLGH D FRPSUHKHQVLYH DQDWRPLFDO GHVFULSWLRQ RI WKH 2$7$
QHXURQVRQWKHVLQJOHFHOOOHYHO7KXV±LQFRPELQDWLRQZLWKRXUHDUOLHUVWXG\RQODUYDO
ORFRPRWLRQ ± WKH2$7$ V\VWHP RI WKH HQWLUH ODUYDO &16 LV QRZ FRPSUHKHQVLYHO\
GHVFULEHGRQWKHVLQJOHFHOOOHYHO6HFRQGZHVKRZWKDWWKLVVHWRI2$7$QHXURQVLV
QHLWKHULQYROYHGLQORFRPRWLRQQRULQRGRUDQGVXJDUVHQVDWLRQ6HOFKRHWDO
0RUHRYHU ZH FRQILUP WKH UROH RI WKHVH QHXURQV LQ VXJDU UHZDUG OHDUQLQJ DQG
SRWHQWLDOO\ UHILQH WKHLU UROH WR QRQQXWULWLRXV VXJDU UHZDUG SURFHVVLQJ QHFHVVDU\ IRU
HVWDEOLVKLQJDSSHWLWLYHPHPRULHV
%DVHG RQ PXOWLSOH UROHV RI 2$7$ SURYHQ LQ GLVWLQFW LQVHFW V\VWHPV VXFK DV
ORFRPRWLRQ OHDUQLQJ DQGPHPRU\ VWUHVV LQGXFHGEHKDYLRUVRU WKH UHJXODWLRQRI WKH
HQHUJ\ VWDWH ZH DOORFDWH GLVWLQFW IXQFWLRQV WR WZR GLIIHUHQW VXEVHWV ZLWKLQ WKLV
PXOWLSDUW FLUFXLW WKDW PRGXODWHV VSHFLILFDOO\ ODUYDO OHDUQLQJ +RQMR DQG )XUXNXER
7RNXQDJD5RHGHU6DUDVZDWLHWDO6FKUROOHWDO6HOFKRHW
DO  7KXV RXU ILQGLQJV PLJKW KHOS WR XQGHUVWDQG KRZ VSHFLILF EHKDYLRUDO














)OLHV ZHUH FXOWXUHG DFFRUGLQJ WR VWDQGDUG PHWKRGV IRU GHWDLOV VHH 6HOFKR HW DO
6HOFKRHWDO)RUWKHEHKDYLRUDOH[SHULPHQWV8$6+LGUSU.XUDGDDQG
:KLWH  :KLWH HW DO  ZHUH FURVVHG WR 7GF*$/WVK*$/ NLQGO\
SURYLGHG E\ - 6LPSVRQ ++0, -DQHOLD )DUP $VKEXUQ 9$ 6HOFKR HW DO 
GULYHUOLQH+HWHUR]\JRXVFRQWUROVZHUHREWDLQHGE\FURVVLQJ*$/GULYHUDQG8$6
HIIHFWRU WRZ )RU YLVXDOL]LQJ QHXURQV ZH XVHG WKH 8$6&DPHOHRQ UHSRUWHU
'LHJHOPDQQHWDO55,'%'6&B)RUFUHDWLQJVLQJOHFHOOIOSRXWFORQHV
\ZKVSIOS 6S&\28$6!&'!P&'*)370EYLUJLQV :RQJHW DO 
NLQGO\SURYLGHGE\*DU\6WUXKO&ROXPELD8QLYHUVLW\1HZ<RUN1<ZHUHFURVVHG
WR7GF*$/PDOHV&ROHHWDO55,'%'6&B$VLQJOHKHDWVKRFNZDV
DSSOLHG E\ SODFLQJ YLDOV FRQWDLQLQJ HJJV RU ODUYDH LQDZDWHU EDWKDW & IRU 





















VLQJOH 7GF*$/SRVLWLYH QHXURQV ZH DSSOLHG D SRO\FORQDO VHUXP DJDLQVW JUHHQ
IOXRUHVFHQWSURWHLQDQWL*)3$0ROHFXODU3UREHV(XJHQH2555,'
$%B 7DEOH  LQ FRPELQDWLRQZLWK WZR GLIIHUHQWPRXVH DQWLERGLHV ODEHOLQJ
WKHQHXURSLODQWL&K$7&K$7%DQWL&KROLQHDFHW\OWUDQVIHUDVH'6+%,RZD&LW\







ZLWK D FKLFNHQ DQWL*)3 DQWLERG\ DQWL*)3FK $% &KHPLFRQ  DQG
 55,'$%B 7DEOH  $V VHFRQGDU\ DQWLERGLHV JRDW DQWLUDEELW ,J*
$OH[D)OXRU$0ROHFXODU3UREHV55,'$%BJRDWDQWLUDW
,J* $OH[D )OXRU  $ 0ROHFXODU 3UREHV  55,'$%B
IOXRUHVFHLQ ),7&FRQMXJDWHG GRQNH\ DQWLFKLFNHQ  -DFNVRQ
,PPXQR5HVHDUFK:HVW*URYH3$JRDWDQWLUDEELW ,J*'\/LJKW































7KH DQWL)DV,, DQWLERG\ ODEHOHG D  N'DEDQG LQZHVWHUQ EORWZKLFKZDV JRQH LQ
)DV,, QXOO PXWDQWV *UHQQLQJORK HW DO  0DWKHZ HW DO  7KH VWDLQLQJ





FRUUHVSRQGLQJ WR WKH N'D SURWHLQ ZDV REVHUYHG XVLQJ WKH DQWL7E+ DQWLERG\














7KH DQWL7$ DQWLERG\ ZDV XVHG WR FKDUDFWHUL]H W\UDPLQHUJLFQHXURQV LQ'URVRSKLOD
DQG ORFXVW %XVFK HW DO  .RQRQHQNR HW DO  7KH VSHFLILFLW\ RI WKH
DQWLERG\ZDV WHVWHG E\ FRPSHWLWLRQ H[SHULPHQWV LQ HTXLOLEULXPGLDO\VLV *HIIDUG HW
DO  7KH FURVVUHDFWLYLW\ UDWLR DW KDOI GLVSODFHPHQW RI WKH ODEHOHG OLJDQG DQG
GLIIHUHQW XQODEHOHG FDWHFKRODPLQH FRQMXJDWHV LQFOXGLQJ 7$ FRQMXJDWH ZDV




&16 SUHSDUDWLRQV ZHUH VFDQQHG XVLQJ D FRQIRFDOOLJKW VFDQQLQJ PLFURVFRSH
/HLFD7&663/HLFD0LFURV\VWHPV:HW]ODU*HUPDQ\7KHLPDJHVVFDQQHGZLWKD
VWHS VL]H RI  ȝP RU  ȝPWKLFNQHVV ZHUH DQDO\]HG ZLWK WKH VRIWZDUH SURJUDP


























PLQ ODUYDHZHUH WUDQVIHUUHG WR D IUHVK 3HWUL GLVK LQZKLFK WKH\ZHUH DOORZHG WR
FUDZORQSXUHDJDURVHPHGLXPIRUPLQZKLOHEHLQJH[SRVHGWR$0$VHFRQGJURXS
RI ODUYDH UHFHLYHG WKH UHFLSURFDO WUDLQLQJ ,PPHGLDWHO\ DIWHU WKUHH WUDLQLQJ F\FOHV
ODUYDH ZHUH WUDQVIHUUHG RQWR WHVW SODWHV RQ ZKLFK $0 DQG %$ ZHUH SUHVHQWHG RQ
RSSRVLWHVLGHV$IWHUPLQLQGLYLGXDOVZHUHFRXQWHGRQWKH$0VLGH$0WKH%$
VLGH %$ DQG LQ D QHXWUDO ]RQH IRU IXUWKHU GHWDLOV WKHUH LV D YLGHR DYDLODEOH DW
$SRVWRORSRXORX HW DO  %\ VXEWUDFWLQJ WKH QXPEHU RI ODUYDH RQ WKH %$ VLGH



































)RU WKH FRPSDULVRQ EHWZHHQ JHQRW\SHV :LOFR[RQ UDQN VXP WHVW ZDV XVHG 7R
FRPSDUHVLQJOHJHQRW\SHVDJDLQVWFKDQFHOHYHOZHXVHGWKH:LOFR[RQVLJQHGUDQNHG
WHVW $OO VWDWLVWLFDO DQDO\VHV DQG YLVXDOL]DWLRQV ZHUH GRQH ZLWK 5 YHUVLRQ 
55,'QLI)LJXUHDOLJQPHQWVZHUHGRQHZLWK$GREH3KRWRVKRS'DWD
DUHSUHVHQWHGDVER[SORWVRIWKHYDOXHVRIDJLYHQJHQRW\SHEHLQJORFDWHGZLWKLQ
WKH ER[ WKH HQWLUH GDWD VHW EHLQJ UHSUHVHQWHG E\ WKH ZKLVNHUV DQG WKH PHGLDQ
SHUIRUPDQFHLQGH[E\WKHEROGOLQHZLWKLQWKHER[SORW2XWVLGHUVDUHJLYHQDVRSHQ















$QDWRP\ RI WKH RFWRSDPLQHUJLFW\UDPLQHUJLF QHXURQV LQ WKH ODUYDO EUDLQ DQG
VXERHVRSKDJHDOJDQJOLRQ
7RLGHQWLI\WKH2$7$QHXURQVLQWKHODUYDOFHQWUDOQHUYRXVV\VWHP&16ZHXVHG
WKH7GF*$/ OLQH &ROHHW DO 7\URVLQHGHFDUER[\ODVH 7GFFDWDO\]HV WKH
V\QWKHVLVRIW\UDPLQHWKHSUHFXUVRURIRFWRSDPLQHWKHUHIRUH7GF*$/H[SUHVVLRQ
VKRXOGLQFOXGHDOOW\UDPLQHUJLFDQGRFWRSDPLQHUJLFQHXURQV7RSUHFLVHO\GHVFULEHWKH
2$7$ QHXURQV ZH ODEHOHG WKH *$/ H[SUHVVLQJ FHOOV ZLWK &DPHOHRQ
'LHJHOPDQQHWDODQGGRXEOHVWDLQHGWKHPZLWKDQWLERGLHVGLUHFWHG WRZDUGV
W\UDPLQH ȕK\GUR[\ODVH 7ȕ+ DQG 7$ UHVSHFWLYHO\ WR H[DPLQH WKH
QHXURWUDQVPLWWHUPRGXODWRURIWKHFHOOV)LJ&DPHOHRQZDVXVHGDVLWSURYLGHV
D VWURQJHU DQGPRUH VWDEOH H[SUHVVLRQ FRPSDUHG WR8$6*)3 VLPLODU WR WKH UHVXOWV
SXEOLVKHG LQDSULRU VWXG\RQ WKH WKRUDFLFDQGDEGRPLQDO2$7$V\VWHP6HOFKRHW
DO
7GF*$/8$6&DPHOHRQVKRZV*$/H[SUHVVLRQLQDURXQG
Q  FHOOV LQ WKH ZKROH ODUYDO &16 $SSUR[LPDWHO\     Q  FHOO
ERGLHV DUH ORFDWHG LQ WKHYHQWUDO QHUYH FRUG 91&6HOFKR HW DO ZKLOH a




  Q  ULJKW KHPLVSKHUH LV ORFDWHG LQ WKH GPS DQWHULRU WR WKH YHUWLFDO













E\ WKHLUFHOOERG\SRVLWLRQDORQJ WKHYHQWUDOPLGOLQH )LJ&/LNH LQDGXOWV WKHVH
FOXVWHUV VHHP WR EH ORFDWHG LQ WKHPDQGLEXODU PGPD[LOODU\ P[ DQG ODELDO OE
QHXURPHUHV %XVFK HW DO %XVFK DQG7DQLPRWR  ,Q WRWDO   
FHOOV DUH ORFDWHG LQ WKH V90 FOXVWHUV V90PG    V90P[   
V90OE    Q  $QRWKHU 7GF*$/SRVLWLYH FHOO LV ORFDWHG LQ WKH
SRVWHULRU 62* DW WKHPDUJLQ WR WKH WKRUDFLF JDQJOLRQ    Q  GDWD QRW
VKRZQ9|PHODQG:HJHQHU
8VLQJDQDQWLERG\DJDLQVWWKH7ȕ+HQ]\PHZKLFKFDWDO\]HVWKHVWHSIURP7$WR2$
LW LV LQ SULQFLSOH SRVVLEOH WR GLVFULPLQDWH EHWZHHQ 2$7$ DQG 7$ QHXURQV
0RQDVWLULRWL,QWHUHVWLQJO\IURPWKHQHXURQVGHVFULEHGDERYHRQO\WKRVHLQWKH
62*ZHUHUHFRJQL]HGE\WKHDQWLERG\ZKLOHLQQRQHRIRXUVWDLQLQJVWKHQHXURQVLQ
WKH KHPLVSKHUHV ZHUH ODEHOHG )LJ ,- Q  7KXV RXU GDWD VXJJHVWV WKDW WKH
QHXURQVKDYLQJWKHLUVRPDORFDWHGLQWKHKHPLVSKHUHVDUHOLNHO\RQO\7$SRVLWLYHDQG
ODFN 2$ 1RWDEO\ DOVR LQ IOLHV VRPH RI WKH 7GF*$/SRVLWLYH QHXURQV DUH QRW
ODEHOHGE\DQWL7ȕ+WKHLUVRPDDUHORFDWHGLQWKH$60FOXVWHU%XUNHHWDO
,QGHWDLODOO7GF*$/SRVLWLYHFHOOVRIWKHV90FOXVWHUVZHUH7ȕ+SRVLWLYHQ 
EXW LQ WKH V90OEFOXVWHU WZRDGGLWLRQDOFHOOVZHUH UHFRJQL]HGE\ WKH7ȕ+DQWLERG\
Q LQGLFDWLQJWKDWWKH*$/OLQHLVQRWFRYHULQJDOORIWKH2$7$QHXURQV
7R FRQILUP WKDW WKH 7GF*$/SRVLWLYH FHOOV RI WKH KHPLVSKHUHV DUH LQGHHG
W\UDPLQHUJLF ZH GRXEOH VWDLQHG ZLWK 7$ DQG *)3 DQWLERGLHV )LJ ./ $V
UHSRUWHGIRUWKH2$DQWLERG\WKH7$DQWLERG\LVDOVRNQRZQWRVKRZDKLJKYDULDWLRQ
LQ WKH VWDLQLQJ EHWZHHQ VSHFLPHQV %XVFK HW DO  7KH FHOOV RI WKH EUDLQ
KHPLVSKHUHVVKRZHG7$LPPXQRUHDFWLYLW\DVWKHV90FHOOVGLG$JDLQZHREVHUYHG











QRW ODEHOHG LQ WKH *$/ OLQH 7KHUHIRUH ZH FRQFOXGH WKDW DOO RI WKH 7GF*$/
H[SUHVVLQJQHXURQVDUHW\UDPLQHUJLFZKLOHWKRVHLQWKH62*DGGLWLRQDOO\FRQWDLQ2$






7R EHWWHU XQGHUVWDQG WKH SRWHQWLDO QHXURQDO QHWZRUN XQGHUO\LQJ VXJDU
UHZDUGUHLQIRUFHPHQW ZH VWXGLHG WKH DUERUL]DWLRQ SDWWHUQV RI WKH ODUYDO 2$7$































RHVRSKDJXV )LJ%&$UERUL]DWLRQVDUH IRUPHGELODWHUDOO\RQ WKH ODWHUDOHGJHVRI
WKH YHQWUDOPRVW 62* )LJ & $Q LSVLODWHUDO GHVFHQGLQJ ILEHU LQQHUYDWHV YHQWUDO
OHYHOV RI WKRUDFLF DQG DEGRPLQDO QHXURPHUHV )LJ ' V930PG LQQHUYDWHV
ELODWHUDOO\ WKH 62* DQG WKH EDVRPHGLDO SURWRFHUHEUXP )LJ (* +RZHYHU DW
YHQWUDO62*OHYHOVFRQWUDODWHUDODUERUVDUHVWURQJHUWKDQLSVLODWHUDORQHV)LJ*,Q
DGGLWLRQV930PG LQQHUYDWHV WKHFRQWUDODWHUDO91&DVIDUDV WKHIRXUWKDEGRPLQDO
QHXURPHUH)LJ$+,QFRQWUDVWWRWKHV930PGFHOOVWKHV930P[QHXURQLVRIWKH
DVFHQGLQJ W\SH ,W LQQHUYDWHV WKH 62* WKH EDVRPHGLDO SURWRFHUHEUXP DQG 
FRQWUDODWHUDOO\  WKH0% YHUWLFDO OREH DV ZHOO DV WKH GRUVRODWHUDO DQG GRUVRPHGLDO
SURWRFHUHEUXP )LJ ,/ $ VHFRQGDU\ QHXULWH DUURZKHDGV )LJ -. SURMHFWV
ODWHUDOO\ WRZDUG WKHRHVRSKDJXV DQG UDPLILHV LQ WKHEDVDO YHUWLFDO OREHDQGDGMDFHQW
GRUVDO SURWRFHUHEUXP )LJ .7KH V930OE FHOO W\SHZKLFK LV DOVR DQ DVFHQGLQJ
QHXURQ LQQHUYDWHV  DOPRVW HQWLUHO\ FRQWUDODWHUDOO\  WKH 62* DQG YDULRXV
SURWRFHUHEUDO UHJLRQV )LJ 03 )RU H[DPSOH QHXULWHV UDPLI\ GRUVDO WR WKH 0%
PHGLDOOREHDQGSHGXQFOHLQQHUYDWLQJWKHGRUVDODQGEDVRODWHUDOSURWRFHUHEUXP7KH
PHGLDO EDVRPHGLDO SURWRFHUHEUXP LV DOVR LQQHUYDWHG )LJ 3 ,Q FRQWUDVW WR RWKHU
V90QHXURQVWKHSULPDU\QHXULWHRIV930OEVHQGVUDPLILFDWLRQVLQWRWKHFRQWUDODWHUDO















980 QHXURQV VKDUH WKHLU DQDWRP\ EXW GLIIHU IURP WKH ODELDO 980 QHXURQV 7KH
V980 FHOO W\SH RI WKH PDQGLEXODU V980PG DQG PD[LOODU V980P[ 90
FOXVWHUV)LJ$'LQQHUYDWHVWKH62*)LJ$%WKHDQWHQQDOOREHV)LJ'WKH
EDVRPHGLDODQGEDVRODWHUDOSURWRFHUHEUXPDQGYLDWKHLQQHUDQWHQQRFHUHEUDOWUDFW
WKH0% FDO\FHV )LJ & 7KH V980 FHOO W\SH UHVLGLQJ DOVR LQ WKH PDQGLEXODU
V980PGDQGPD[LOODUV980P[90FOXVWHUV)LJ(+LQQHUYDWHVWKH62*
WKHEDVRPHGLDOGRUVRPHGLDO)LJ*DQGGRUVRODWHUDOSURWRFHUHEUXPFORVHWRWKH
0%FDO\[ DVZHOO DV WKH ODUYDORSWLFQHXURSLO )LJ*+7KH V980FHOO W\SH
IRXQG DJDLQ LQPDQGLEXODU V980PG DQGPD[LOODU V980P[90FOXVWHUV )LJ
,/ LQQHUYDWHV WKH 62* DQG WKH SRVWHULRU EDVRPHGLDO DQG EDVRODWHUDO
SURWRFHUHEUXP)LJ.7HUPLQDOVDUHDOVRHVWDEOLVKHGSRVWHULRU WR WKH0%PHGLDO
OREHDQGPHGLDODSSHQGL[DQG LQ WKHGRUVRPHGLDOSURWRFHUHEUXPPHGLDO WR WKH0%
YHUWLFDO OREH)LJ/7KHGHVFHQGLQJV980OEFHOOW\SH)LJ03LQ WKHODELDO
90FOXVWHULQQHUYDWHVWKH62*DQGWKRUDFLFQHXURPHUHVPRVWO\DWODWHUDOOHYHOV)LJ
23 $ QHXULWH UXQV ODWHUDO WR WKH RHVRSKDJXV 2 7KH VHFRQG FHOO W\SH RI WKH
ODELDO 90 FOXVWHU V980OE )LJ 47 LQQHUYDWHV WKH 62* )LJ 57 WKH
EDVRODWHUDO SURWRFHUHEUXP DV ZHOO DV PHGLDO DQG ODWHUDO DUHDV RI WKRUDFLF DQG
DEGRPLQDOQHXURPHUHV )LJ67$ WKLUGODELDO90FHOO W\SHV980OE )LJ8
; GHQVHO\ LQQHUYDWHV WKH 62* )LJ 9: DQG WKH SRVWHULRU EDVRODWHUDO DQG














$QDWRP\ RI VLQJOH RFWRSDPLQHUJLFW\UDPLQHUJLF QHXURQV LQ WKH ODUYDO EUDLQ
KHPVLSKHUHV
,Q WKH EUDLQ KHPLVSKHUHV ZH ZHUH DEOH WR LGHQWLI\ IRXU GLIIHUHQW FHOO W\SHV 7KH
GHVFHQGLQJ O&$ FHOO W\SH )LJ $' LQQHUYDWHV LSVLODWHUDOO\ WKH GRUVR DQG
EDVRODWHUDO)LJ%DQGEDVRPHGLDOSURWRFHUHEUXP$QHXULWHH[WHQGVDQWHULRUWRWKH
0%YHUWLFDO OREH LQ WKH GRUVRPHGLDO SURWRFHUHEUXP )LJ %7KH SULPDU\ QHXULWH
FURVVHV WKH PLGOLQH SRVWHULRUO\ DQG H[WHQGV LQWR WKH FRQWUDODWHUDO EDVRPHGLDO
SURWRFHUHEUXP)LJ&7KHGHVFHQGLQJSURFHVVSDVVHVWR WKH62*DUERUL]LQJHQ
URXWHLQWKHSRVWHULRUEDVRPHGLDOSURWRFHUHEUXP)LJ&DQGIXUWKHULQWRWKH91&
DV IDU DV WR WKH QLQWK DEGRPLQDO QHXURPHUH )LJ '$UERUL]DWLRQV UHPDLQPRVWO\
LSVLODWHUDOEXW WR VRPHH[WHQWDOVRFRYHU WKHFRQWUDODWHUDO62*DQG91&)LJ'
$PRQJ WKH IRXU FHOOV RI WKH O'03D FOXVWHU ZH LGHQWLILHG WZR FHOO W\SHV ERWK RI
ZKLFKLQQHUYDWHWKHWZREUDLQKHPLVSKHUHV$WOHDVWWZRFHOOVEHORQJWRWKHO'03D
W\SHRQH WR WKH O'03D W\SHZKLOH WKH LGHQWLW\RI WKH IRXUWKFHOO UHPDLQVXQFOHDU
7KH O'03D W\SH LQQHUYDWHV PDQ\ UHJLRQV LQ WKH GRUVDO DQG EDVDO SURWRFHUHEUXP
)LJ(+LQFOXGLQJWKHFRQWUDODWHUDOVLGH)LJ)3URPLQHQWDUERUL]DWLRQVLQWKH
SRVWHULRUDQGDQWHULRUSURWRFHUHEUXPDUHVKRZQRQ)LJ*DQG)LJ+UHVSHFWLYHO\
7KH O'03DFHOO W\SHH[FOXVLYHO\ LQQHUYDWHV WKHEDVRPHGLDOSURWRFHUHEUXPLQERWK
















PHGLDWLQJ VZHHW WDVWH RQWR GRSDPLQHUJLF QHXURQV WR UHLQIRUFH RGRUVXJDU OHDUQLQJ
%XUNHHWDO ,QRXUSUHYLRXVZRUNZHZHUHDEOH WR VKRZWKDWGRSDPLQHUJLF
QHXURQVDUHUHTXLUHGERWKIRUUHZDUGDQGSXQLVKPHQWOHDUQLQJLQODUYDH6HOFKRHWDO
7KLVRIIHUVWKHSRVVLELOLW\WKDWWKHEHKDYLRUDOIXQFWLRQRI2$7$QHXURQVPD\
EH FRQVHUYHGEHWZHHQ GHYHORSPHQWDO VWDJHV7KXV WR WHVWZKHWKHU2$7$QHXURQV
PHGLDWH GLIIHUHQW DVSHFWV RI WKH VXJDU UHZDUG ZH XVHG D VWDQGDUGL]HG WZRJURXS
UHFLSURFDO WUDLQLQJ UHJLPH IRU ODUYDO FKHPRVHQVRU\ OHDUQLQJ 0LFKHOV HW DO 
*HUEHU DQG 6WRFNHU  DQG WHVWHG IUXFWRVH VZHHW DQG QXWULWLYH VRUELWRO QRW
VZHHW EXW QXWULWLYH DQG DUDELQRVH VZHHW EXW QRW QXWULWLYH DV UHZDUGLQJ 86
UHVSHFWLYHO\ 5RKZHGGHU HW DO  (FWRSLF H[SUHVVLRQ RI ERWK 8$6+LG KHDG
LQYROXWLRQ GHIHFWLYH DQG 8$6USU UHDSHU OHDGV YLD '1$IUDJPHQWDWLRQ DQG
FKURPDWLQ FRQGHQVDWLRQ WR DSRSWRVLV .XUDGD DQG:KLWH :KLWH HW DO 
$VVKRZQE\RXUSUHYLRXVZRUN2$7$QHXURQVZLWKLQWKH91&DUHQHFHVVDU\IRU
SURSHU ODUYDO ORFRPRWLRQ 6HOFKR HW DO  7R UHVWULFW WKH LQGXFWLRQ RI FHOO




EUDLQ DQG 62* GLG QRW OHDG WR DQ\ GHILFLW LQ DSSHWLWLYH ROIDFWRU\ OHDUQLQJ XVLQJ
IUXFWRVH DV D UHZDUG )LJ $ 7GF*$/WVK*$/8$6+LGUSU H[SHULPHQWDO
ODUYDH VKRZHG VLJQLILFDQW OHDUQLQJ VFRUHV S [ DQG SHUIRUPHG RQ FRQWURO
OHYHO S  FRPSDUHG WR 7GF*$/WVK*$/ DQG S  FRPSDUHG WR
8$6+LGUSU $GGLWLRQDOO\7GF*$/WVK*$/8$6+LGUSU ODUYDH H[KLELWHG
UREXVW DSSHWLWLYHPHPRU\ LQ VRUELWRO OHDUQLQJ FRPSDUDEOH WR JHQHWLF FRQWUROV )LJ











LQGLFDWHV WKDW 2$7$ QHXURQV LQ WKH KHPLVSKHUHV DQG 62* DUH QRW QHFHVVDU\ IRU
PHGLDWLQJWKHQXWULWLRQDOYDOXHGHSHQGHQWUHLQIRUFLQJIXQFWLRQDVLWLVSUHVHQWLQERWK
IUXFWRVHDQGVRUELWRO,QFRQWUDVWDV7GF*$/WVK*$/8$6+LGUSUODUYDHIDLOHG
WR VKRZ VLJQLILFDQW OHDUQLQJ VFRUHV LQ DUDELQRVHRGRU OHDUQLQJ )LJ & S 
([SHULPHQWDO ODUYDH SHUIRUPHG VLJQLILFDQWO\ UHGXFHG FRPSDUHG WR 7GF
*$/WVK*$/ S  DQG 8$6+LGUSU S  FRQWUROV 7KXV
2$7$QHXURQVLQWKHEUDLQDQG62*VHHPWREHUHTXLUHGLQSURFHVVLQJWKHVZHHWQHVV
RIDVXJDUGXULQJDVVRFLDWLYHOHDUQLQJ7RFRQILUPWKHUHTXLUHPHQWRI2$7$QHXURQV
LQ PHGLDWLQJ UHLQIRUFLQJ VZHHW WDVWH ZH H[DPLQHG WKH SHUFHSWLRQ RI DUDELQRVH LQ
H[SHULPHQWDODQGFRQWUROODUYDH)LJ'1RWDEO\WKHSHUFHSWLRQRIERWKRGRUV$0
DQG %$ VHHPV WR EH XQDIIHFWHG DV OHDUQLQJ VFRUHV ZHUH LQGLVWLQJXLVKDEOH IURP






















$UFKLWHFWXUH RI WKH ODUYDO 2$7$ V\VWHP RQ WKH VLQJOHFHOO OHYHO FRPSDUHG WR
RWKHULQVHFWV
,QLQYHUWHEUDWHVDQGYHUWHEUDWHVWKHDFWLYLW\RIGLVWLQFWQHXURQDOQHWZRUNVZLWKLQWKH
&16DQGFRQVHTXHQWO\ WKH ILQDOEHKDYLRUDORXWSXW LVPRGXODWHGE\ELRJHQLFDPLQHV
OLNH 2$ DQG 7$  RU HSLQHSKULQH DQG QRUHSLQHSKULQH WKH UHVSHFWLYH YHUWHEUDWH
FRXQWHUSDUWV0RQDVWLULRWL,Q'URVRSKLODDQGRWKHULQVHFWV2$DQG7$DIIHFW
D QHDUO\ HQGOHVV OLVW RI EHKDYLRUV LQFOXGLQJ IRU LQVWDQFH VOHHS HJJOD\LQJ OHDUQLQJ
ORFRPRWLRQDQGVWUHVVGHSHQGHQWEHKDYLRUVVXFKDVILJKWRUIOLJKWUHVSRQVHVZKLFKLQ





EXW ORZHU 2$ OHYHO RU HYHQ QR 2$ DOO UHPDLQLQJ QHXURQV DERXW ZLWKLQ WKH
WKUHH VXERHVRSKDJHDO FOXVWHUV DUH W\UDPLQHUJLF DQG RFWRSDPLQHUJLF 7KH EDVLF
RUJDQL]DWLRQ ZLWKLQ WKH 62* VKRZV UHPDUNDEOH VLPLODULWLHV ZLWK WKH DGXOW V\VWHP
%XVFK HW DO  %XVFK DQG 7DQLPRWR   DOO XQSDLUHG QHXURQV LQ WKH
PDQGLEXODUDQGPD[LOODU\FOXVWHUKDYHDVFHQGLQJILEHUVDOOXQSDLUHGQHXURQVLQWKH

















LQ WKH PDQGLEXODU RU PD[LOODU\ FOXVWHU DQG LQQHUYDWH LQ D VLPLODU ZD\ WKH 62*
DQWHQQDOOREHV0%FDO\FHVDQGODWHUDOKRUQVERWKLSVLDQGFRQWUDODWHUDOO\7KHVDPH
LVWUXHIRUWKHWZRV980QHXURQVLQWKHODUYD)LJ7DEOH
*LYHQ WKH PDVVLYH UHRUJDQL]DWLRQ RI WKH EUDLQ GXULQJ PHWDPRUSKRVLV VXFK
FRQVHUYDWLRQRQWKHOHYHORIVSHFLILFFHOOVLVUHPDUNDEOHDQGVXJJHVWVDZHOOSUHVHUYHG
IXQFWLRQRIWKHVHQHXURQVLQGLIIHUHQWGHYHORSPHQWDOVWDJHV7KHODUYDODQQWHQDOOREH
IRU LQVWDQFH WKDW LV LQQHUYDWHG E\ V980 DQG O$/ QHXURQV GHJHQHUDWHV GXULQJ
SXSDULXP IRUPDWLRQ DQG LV UHSODFHG E\ DQ DGXOW VSHFLILF VWUXFWXUH -HIIHULV HW DO
 $OVR WKH ODUYDO ERUQ 0% QHXURQV LQQHUYDWHG E\ V930P[ QHXURQV SUXQH
GXULQJHDUO\SXSDULXPIRUPDWLRQDQGRQO\UHWDLQWKHLUPDLQSURFHVVHVLQWKHSHGXQFOH
,QFRQWUDVWWKHEDVLFD[RQSURMHFWLRQVRIWKHODWHUERUQODUYDO0%QHXURQVĮ¶ȕ¶DUH
SUHVHUYHG GXULQJPHWDPRUSKRVLV /HH HW DO 8QIRUWXQDWHO\ WKHUH LV QR GDWD
DYDLODEOH RQ WKH GHYHORSPHQW RI WKHVH 2$7$ QHXURQV RYHU PHWDPRUSKRVLV 7KXV
EDVHGRQWKHVLPLODUWLHVWKDWZHGHVFULEHEHWZHHQWKHODUYDODQGDGXOW2$7$QHXURQV
ZHFDQRQO\VSHFXODWHWKDWWKHQHXURQVSHUVLVWGXULQJGLIIHUHQWGHYHORSPHQWDOVWDJHV
1HYHUWKHOHVV WKH IXQFWLRQDO DQG DQDWRPLFDO FRQVHUYDWLRQV VXJJHVW WKDW ODUYDO DQG

















DYHUVLYH DQG DSSHWLWLYH VXJDUGHSHQGHQW VWLPXOL YLD GRSDPLQHUJLF QHXURQV *HUEHU
DQG6WRFNHU*HUEHUHWDO6HOFKRHWDO7KXPHWDO+RQMR
HWDOVXJJHVWHGWKDW2$7$QHXURQVSRWHQWLDOO\VLJQDOLQJVXJDUUHZDUGRQO\
LQQHUYDWH WKH ODUYDO 0% FDO\[ +RZHYHU ZH LGHQWLILHG RQH W\SH RI QHXURQ LQ WKH
V90PGDQGV90P[FOXVWHUVWKDWLQQHUYDWHVWKH0%FDO\FHVFDOOHGV980)LJ
DQGDQGWZRDGGLWLRQDOQHXURQVV930P[)LJDQGWKDWLQQHUYDWHWKHEDVHRI
WKH 0% YHUWLFDO OREH LQ WKH FRQWUDODWHUDO KHPLVSKHUH 7KH DUERUL]DWLRQV DUH DOVR
YLVLEOH LQ WKHFRPSOHWHH[SUHVVLRQSDWWHUQRI7GF*$/ )LJ+7KLVODEHOLQJ LQ
WKHEDVHRIWKH0%YHUWLFDOOREHLVDOVRYLVLEOHLQ+RQMRHWDO7KXVLQGLYLGXDO








%XUNH HW DO  +DPPHU  +DPPHU DQG 0HQ]HO  +RQMR DQG
)XUXNXER7RNXQDJD.LPHWDO6FKUROOHWDO6FKZDHU]HOHWDO
 8QRNL HW DO   ,Q SDUWLFXODU +DPPHU  UHSRUWHG IRU WKH
KRQH\EHH WKDW WKH DFWLYDWLRQ RI D VLQJOH 980P[ QHXURQ RU 2$ LQMHFWLRQ LQWR WKH
DQWHQQDO OREH RU 0% FDQ VXEVWLWXWH IRU WKH LQWHUQDO UHZDUGLQJ IXQFWLRQ GXULQJ
DVVRFLDWLYHROIDFWRU\FRQGLWLRQLQJRI WKHSURERVFLVH[WHQVLRQUHIOH[ +DPPHU
+DPPHUDQG0HQ]HO












SUHVHQWDWLRQ ZLWK RSWRJHQHWLFDO RU WKHUPRJHQHWLFDO DFWLYDWLRQ RI QHDUO\ DOO 2$7$
QHXURQV LQ WKH &16 LQGXFHV DSSHWLWLYH ROIDFWRU\ DVVRFLDWLYH OHDUQLQJ %XUNH HW DO
6FKUROOHWDO

$GGLWLRQDOO\ LQYDULRXVPRGHO RUJDQLVPV LQVHFW2$7$VLJQDOLQJZDV VKRZQ WREH
QHFHVVDU\ IRU DSSHWLWLYH ROIDFWRU\ OHDUQLQJ EXW VHHPV WR EH GLVSHQVDEOH IRU RGRU
SHUFHSWLRQ RU JHQHUDO OHDUQLQJ DELOLW\ %XUNH HW DO  +RQMR DQG )XUXNXER
7RNXQDJD  6FKZDHU]HO HW DO  8QRNL HW DO   ,Q DGXOW
'URVRSKLOD7ȕ+PXWDQWIOLHVZLWKHOHYDWHG7$DQGUHGXFHG2$OHYHOVKDYHDVSHFLILF
LPSDLUPHQW IRU RGRUVXFURVH OHDUQLQJ 6FKZDHU]HO HW DO  DQG WKH DOSKDOLNH
RFWRSDPLQH UHFHSWRU 2$0% LV UHTXLUHG LQ Į DQG Ȗ PXVKURRP ERG\ QHXURQV IRU
DSSHWLWLYH VKRUW WHUP PHPRU\ 670.LP HW DO  DQG DOVR LQ GRSDPLQHUJLF
QHXURQVIRURGRUDUDELQRVHOHDUQLQJ%XUNHHWDO,Q'URVRSKLODODUYDH+RQMR
DQG )XUXNXER7RNXQDJD +RQMR DQG )XUXNXER7RNXQDJD  VKRZHG WKDW WKH
RXWSXWRI2$7$QHXURQVGXULQJWUDLQLQJLVQHFHVVDU\WRIRUPDSSHWLWLYHPHPRU\EXW
LV GLVSHQVDEOH GXULQJ WHVW 8QIRUWXQDWHO\ LQ ODUYDH LW LV QRW SRVVLEOH WR XVH 7ȕ+
PXWDQWVRURWKHUZD\VRIJHQHWLFLQWHUIHUHQFHZLWKWKHRYHUDOO2$7$V\VWHPDVWKLV
VWURQJO\ DIIHFWV ODUYDO ORFRPRWLRQ DQG WKHUHIRUH PDNHV LW LPSRVVLEOH WR WHVW IRU
ROIDFWRU\OHDUQLQJDV LW UHTXLUHVSURSHU ORFRPRWLRQ6DUDVZDWLHWDO6HOFKRHW
DO  6HOFKR HW DO  1HYHUWKHOHVV LW LV EHOLHYHG WKDW 2$7$ VLJQDOLQJ































VXJDU UHZDUG OHDUQLQJ )LJ+RQMR DQG )XUXNXER7RNXQDJD  6FKUROO HW DO
 ,QWHUHVWLQJ +RQMR HW DO SXEOLVKHG WKDW 2$ LV QHFHVVDU\ IRU VXJDU UHZDUG
OHDUQLQJZKHQH[SRVLQJODUYDHWRDQRGRUDQGDFRQFRPLWDQWVXFURVHUHLQIRUFHUIRU
PLQ LQ D RQHWULDO QRQUHFLSURFDO WUDLQLQJ UHJLPH +RQMR DQG )XUXNXER7RNXQDJD
  $V VXFURVH RIIHUV D QXWULWLRQDO EHQHILW WKLV UHVXOW VHHPV WR SDUWLDOO\
FRQWUDGLFWRXUUHVXOWV+RZHYHUWKHUHDUHVHYHUDOSRVVLEOHH[SODQDWLRQVL7KHHIIHFWV
GHVFULEHG E\+RQMR HW DO  DUH H[WUHPHO\ VPDOO 7KH UHVSRQVH LQGLFHV IRU WKH











7RNXQDJD7KLVPHDQV WKDW WKHGHVFULEHGEHKDYLRUDOSKHQRW\SH IRU WHVWHG
DQLPDOVZDVRQO\EDVHGRQODUYDHPRUHRQWKHRGRUUHZDUGVLGHFRPSDUHGWRWKHQR
RGRUQRUHZDUGVLGH,QDGGLWLRQLQWKHLUVWXG\WKHH[SHULPHQWDODQLPDOVWHVWHGKDGD
VLJQLILFDQWO\ DOWHUHG VXFURVH SHUFHSWLRQ FI VXSSOHPHQW WDEOH  7KXV WKH UHODWLYH
VPDOO RGRUVXFURVH SKHQRW\SH REVHUYHG PLJKW EH GXH WR DOWHUHG VXFURVH UHZDUG
SURFHVVLQJ GXULQJ WUDLQLQJ LL %RWK WKH REVHUYHG SKHQRW\SH LQ RGRUVXJDU OHDUQLQJ
DQG VXJDU SHUFHSWLRQPD\ UHO\ RQ DOWHUHG ORFRPRWLRQ ZKLFK ZDV QRW FRQWUROOHG LQ
WKHLU EHKDYLRUDO GDWD VHW1RWDEO\7GF*$/8$6+LGUSU ODUYDH VKRZHG UHGXFHG
SUHIHUHQFHLQGLFHVWRZDUGVIUXFWRVHLQRXUDVVD\7KLVSKHQRW\SHFRXOGEHUHVFXHGE\
WKH H[SUHVVLRQ RI WVK*$/ LQGLFDWLQJ WKDW WKLV UHGXFWLRQ ZDV EDVHG RQ DOWHUHG
ORFRPRWLRQGDWDQRWVKRZQLLL7KHUHDUHPXOWLSOHGLIIHUHQFHVLQWKHXVHGEHKDYLRUDO
SURWRFROV WKDW LQGXFH GLIIHUHQWPHPRU\ SKDVHV ,QGHHG RGRUIUXFWRVH WUDLQLQJXVLQJ
WKUHHWUDLQLQJF\FOHV OHDGVWRDQLPPHGLDWHPHPRU\WKDW LV LQGHSHQGHQWRIUXWDEDJD
DQGGXQFH$:LGPDQQPDQXVFULSWLQSUHSDUDWLRQ$VWKHRGRUVXFURVHPHPRU\E\
+RQMRHWDOLVFRPSOHWHO\DEVHQWLQWKHVHWZRFODVVLFDO670PXWDQWVWKHGLVFUHSDQF\
DERXW WKH UHTXLUHPHQWRI2$7$QHXURQVPLJKWEHEDVHGRQ WKHDQDO\VLVRIF$03
GHSHQGHQW670+RQMRDQG)XUXNXER7RNXQDJDYHUVXVDF$03LQGHSHQGHQW
PHPRU\ SKDVH )LJ 7KLV LV LQ OLQH ZLWK UHFHQW GDWD LQ DGXOW IOLHV DV RGRU




SRWHQWLDOO\ LQGXFHD VKRUW ODVWLQJPHPRU\%DVHGRQRXU VLQJOHFHOOGHVFULSWLRQ LW LV
QRZSRVVLEOHWRWHVWLIWKLVHIIHFWLVWULJJHUHGE\VLQJOHQHXURQVRIWKH2$7$V\VWHP














2WKHU DFNQRZOHGJPHQWV :H WKDQN 1DQDH *HQGUH /\XERY 3DQNHY\FK DQG
0DUJDUHWH(KUHQIULHGIRUIO\FDUHDQGPDLQWHQDQFHDQGWHFKQLFDODGYLVH,QDGGLWLRQ
ZHZRXOGOLNHWRWKDQN6FRWW:DGGHOODQG+LURPX7DQLPRWRIRUVKDULQJXQSXEOLVKHG



























$SSHWLWLYH DVVRFLDWLYH ROIDFWRU\ OHDUQLQJ LQ 'URVRSKLOD ODUYDH -RXUQDO RI
YLVXDOL]HGH[SHULPHQWV-R9(
%DLHU $:LWWHN % %UHPEV %  'URVRSKLOD DV D QHZPRGHO RUJDQLVP IRU WKH














SURGXFWLRQ RI IOLJKW PRWRU RXWSXW E\ WKRUDFLF JDQJOLD RI 0DQGXFD VH[WD
-RXUQDORIQHXURELRORJ\
&ROH 6+ &DUQH\ *( 0F&OXQJ &$ :LOODUG 66 7D\ORU %- +LUVK -  7ZR
IXQFWLRQDO EXW QRQFRPSOHPHQWLQJ 'URVRSKLOD W\URVLQH GHFDUER[\ODVH JHQHV
GLVWLQFW UROHV IRU QHXUDO W\UDPLQH DQG RFWRSDPLQH LQ IHPDOH IHUWLOLW\ 7KH
-RXUQDORIELRORJLFDOFKHPLVWU\
&URFNHU $ 6KDKLGXOODK0 /HYLWDQ ,% 6HKJDO $  ,GHQWLILFDWLRQ RI D QHXUDO
FLUFXLW WKDW XQGHUOLHV WKH HIIHFWV RI RFWRSDPLQH RQ VOHHSZDNH EHKDYLRU
1HXURQ
'LHJHOPDQQ 6 )LDOD $ /HLEROG & 6SDOO 7 %XFKQHU (  7UDQVJHQLF IOLHV
H[SUHVVLQJWKHIOXRUHVFHQFHFDOFLXPVHQVRU&DPHOHRQXQGHU8$6FRQWURO
*HQHVLV
(ULRQ 5'L$QJHOR -5 &URFNHU$ 6HKJDO $  ,QWHUDFWLRQ EHWZHHQ VOHHS DQG




*HIIDUG0 6HJXHOD 3 +HLQULFK5RFN $0  $QWLVHUD DJDLQVW FDWHFKRODPLQHV
VSHFLILFLW\ VWXGLHV DQG SK\VLFRFKHPLFDO GDWD IRU DQWLGRSDPLQH DQG DQWLS
W\UDPLQHDQWLERGLHV0ROHFXODULPPXQRORJ\
*HUEHU % 6WRFNHU 5)  7KH 'URVRSKLOD ODUYD DV D PRGHO IRU VWXG\LQJ
FKHPRVHQVDWLRQDQGFKHPRVHQVRU\OHDUQLQJDUHYLHZ&KHP6HQVHV

*HUEHU % 6WRFNHU 5) 7DQLPXUD 7 7KXP $6  6PHOOLQJ WDVWLQJ OHDUQLQJ
'URVRSKLOD DV D VWXG\ FDVH 5HVXOWV DQG SUREOHPV LQ FHOO GLIIHUHQWLDWLRQ

*UHQQLQJORK * 5HKP (- *RRGPDQ &6  *HQHWLF DQDO\VLV RI JURZWK FRQH












+DPPHU 0  $Q LGHQWLILHG QHXURQ PHGLDWHV WKH XQFRQGLWLRQHG VWLPXOXV LQ
DVVRFLDWLYHROIDFWRU\OHDUQLQJLQKRQH\EHHV1DWXUH
+DPPHU00HQ]HO50XOWLSOHVLWHVRIDVVRFLDWLYHRGRUOHDUQLQJDVUHYHDOHG
E\ ORFDO EUDLQ PLFURLQMHFWLRQV RI RFWRSDPLQH LQ KRQH\EHHV /HDUQLQJ 	
PHPRU\
+RDQJ % &KLED $  6LQJOHFHOO DQDO\VLV RI 'URVRSKLOD ODUYDO QHXURPXVFXODU
V\QDSVHV'HYHORSPHQWDOELRORJ\
+RQMR.)XUXNXER7RNXQDJD.,QGXFWLRQRIF$03UHVSRQVHHOHPHQWELQGLQJ
SURWHLQGHSHQGHQW PHGLXPWHUP PHPRU\ E\ DSSHWLWLYH JXVWDWRU\
UHLQIRUFHPHQWLQ'URVRSKLODODUYDH-1HXURVFL
+RQMR . )XUXNXER7RNXQDJD .  'LVWLQFWLYH QHXURQDO QHWZRUNV DQG
ELRFKHPLFDO SDWKZD\V IRU DSSHWLWLYH DQG DYHUVLYH PHPRU\ LQ 'URVRSKLOD
ODUYDH-1HXURVFL
+R\HU6&(FNDUW$+HUUHO$=DUV7)LVFKHU6$+DUGLH6/+HLVHQEHUJ0






RFWRSDPLQH UHFHSWRU 2$0% LQ WKH 'URVRSKLOD PXVKURRP ERG\ QHXURQV -
1HXURVFL
.RQRQHQNR 1/ :ROIHQEHUJ + 3IOXJHU +-  7\UDPLQH DV DQ LQGHSHQGHQW
WUDQVPLWWHUDQGDSUHFXUVRURIRFWRSDPLQHLQWKHORFXVWFHQWUDOQHUYRXVV\VWHP
DQLPPXQRF\WRFKHPLFDOVWXG\-&RPS1HXURO
.XUDGD 3 :KLWH .  5DV SURPRWHV FHOO VXUYLYDO LQ 'URVRSKLOD E\
GRZQUHJXODWLQJKLGH[SUHVVLRQ&HOO
/DQGJUDI06iQFKH]6RULDQR17HFKQDX*08UEDQ-3URNRS$&KDUWLQJ





/HH 7 /HH $ /XR /  'HYHORSPHQW RI WKH 'URVRSKLOD PXVKURRP ERGLHV

























0RQDVWLULRWL 0  %LRJHQLF DPLQH V\VWHPV LQ WKH IUXLW IO\ 'URVRSKLOD
PHODQRJDVWHU0LFURVFRS\UHVHDUFKDQGWHFKQLTXH
0RQDVWLULRWL 0 *RUF]\FD 0 5DSXV - (FNHUW 0 :KLWH . %XGQLN 9 
2FWRSDPLQH LPPXQRUHDFWLYLW\ LQ WKH IUXLW IO\ 'URVRSKLOD PHODQRJDVWHU -
&RPS1HXURO
0RQDVWLULRWL0/LQQ&(-U:KLWH.&KDUDFWHUL]DWLRQRI'URVRSKLODW\UDPLQH
EHWDK\GUR[\ODVH JHQH DQG LVRODWLRQ RI PXWDQW IOLHV ODFNLQJ RFWRSDPLQH -
1HXURVFL
1DJD\D<.XWVXNDNH0&KLJXVD 6, .RPDWVX$ $ WUDFH DPLQH W\UDPLQH
IXQFWLRQV DV D QHXURPRGXODWRU LQ 'URVRSKLOD PHODQRJDVWHU 1HXURVFLHQFH
OHWWHUV
3DXOV ' 3ILW]HQPDLHU -( .UHEV:KHDWRQ 5 6HOFKR 0 6WRFNHU 5) 7KXP $6
D (OHFWULF VKRFNLQGXFHG DVVRFLDWLYH ROIDFWRU\ OHDUQLQJ LQ 'URVRSKLOD
ODUYDH&KHPLFDOVHQVHV
3DXOV ' 6HOFKR 0 *HQGUH 1 6WRFNHU 5) 7KXP $6 E 'URVRSKLOD ODUYDH




5RKZHGGHU $ 3ILW]HQPDLHU -( 5DPVSHUJHU 1 $SRVWRORSRXORX $$:LGPDQQ $
7KXP $6  1XWULWLRQDO YDOXHGHSHQGHQW DQG QXWULWLRQDO YDOXH
LQGHSHQGHQWHIIHFWVRQ'URVRSKLODPHODQRJDVWHUODUYDOEHKDYLRU&KHP6HQVHV

6DUDVZDWL 6 )R[ /( 6ROO '5 :X &)  7\UDPLQH DQG RFWRSDPLQH KDYH
RSSRVLWH HIIHFWV RQ WKH ORFRPRWLRQ RI 'URVRSKLOD ODUYDH -RXUQDO RI
QHXURELRORJ\
6FKHUHU 6 6WRFNHU5)*HUEHU %  2OIDFWRU\ OHDUQLQJ LQ LQGLYLGXDOO\ DVVD\HG
'URVRSKLODODUYDH/HDUQ0HP
6FKUROO & 5LHPHQVSHUJHU 7 %XFKHU ' (KPHU - 9ROOHU 7 (UEJXWK . *HUEHU %
+HQGHO 7 1DJHO * %XFKQHU ( )LDOD $  /LJKWLQGXFHG DFWLYDWLRQ RI












7DNDJDZD . 6DOYDWHUUD 3  $QDO\VLV RI FKROLQH DFHW\OWUDQVIHUDVH SURWHLQ LQ

















UHYHDOHG E\ SKDUPDFRORJLFDO VWXG\ 7KH (XURSHDQ MRXUQDO RI QHXURVFLHQFH

8QRNL 6 0DWVXPRWR < 0L]XQDPL 0  5ROHV RI RFWRSDPLQHUJLF DQG
GRSDPLQHUJLF QHXURQV LQPHGLDWLQJ UHZDUGDQGSXQLVKPHQW VLJQDOV LQ LQVHFW
YLVXDOOHDUQLQJ7KH(XURSHDQMRXUQDORIQHXURVFLHQFH

















































































































































































































































































































UHJLRQV PXVKURRPERGLHV RWKHUQHXURSLOUHJLRQV KLWVSHUFHOOW\SHGPS GOS EPS EOSPD YO OD VS SHG FD DO ORQ VRJ WJ DJ
                
V930PG   EV          EV LO LO 
V930PG   EV          EVFO FO FO 
V930P[ FO FO EV   FO       EV   
V930OE FO FO FO FO         FOLO   
V980PG
 EV EV       VP VP  EV  

V980P[ 
V980PG VP VP VP         EV VP   V980P[ 
V980PG   VP VP         EV   V980P[ 
V980OE             VP VP  
V980OE             VP VP VP 
V980OE   VP VP         VP VP VP 
V980OE                
O&$  LO LOFO LO         LOEV LOFO LOFO 
O'03D EV EV  EV            
O'03D   EV             
O$/           EV  EV   

FHQWUDOEUDLQUHJLRQVGPSGRUVRPHGLDOGOSGRUVRODWHUDOEPSEDVRPHGLDOEOS
EDVRODWHUDOSURWRFHUHEUXPPXVKURRPERGLHVPDPHGLDODSSHQGL[ODODWHUDODSSHQGL[
YOYHUWLFDOOREHVSVSXUSHGSHGXQFXOXVFDFDO\[DODQWHQQDOOREHVORQODUYDORSWLF
QHXURSLOVRJVXERHVRSKDJHDOJDQJOLRQYHQWUDOQHUYHFRUGWJWKRUDFLFJDQJOLRQDJ
DEGRPLQDOJDQJOLRQV\PPHWULFDOVPXQV\PPHWULFDOERWKVLGHVEVLSVLODWHUDOLO
FRQWUDODWHUDOFO
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